Twenty full term neonates with suspected bacterial infection were randomly assigned to a once daily or a twice daily dosage regimen with gentamicin (4 mg/kg/day). Concomitantly all patients were treated with ampicillin (200 mg/kg/day). The gentamicin concentration time curves were analysed by an open two compartment model under steady state conditions on day 4 of treatment. The mean theoretical maximum serum concentration in the group taking gentamicin once daily (10-9 1g/ml) was significantly higher than in the group taking it twice daily (7.4 1ig/ml). Potentially toxic serum concentrations were never reached. Mean trough concentrations were comparable in both groups (once daily 0-8 .tg/ml; twice daily 1.0 ,ug/ml). Urinary alanine aminopeptidase excretion increased during and even two days after end of treatment in both groups without any significant differences.
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The results of the dynamic in vitro model revealed that both dosage schedules showed comparable bactericidal effects on pathogens inhibited by low concentrations of gentamicin like Escherichia coli and Staphylococcus aureus. However the once daily regimen was significantly superior in isolates with high minimal inhibitory concentrations. Kinderklinik The combination of gentamicin, as a representative of aminoglycoside antibiotics, with ,B lactam antibiotics is widely used. It has been proved as an effective antibiotic strategy in neonates with suspected or documented bacterial infection. Gentamicin, like all other aminoglycosides, exhibits a narrow range between toxic and therapeutic dosages. It is generally accepted that peak concentrations >4 [ig/ml are necessary for antibacterial efficiency and that trough concentrations of >2 [ig/ml are a risk factor for nephrotoxicity and ototoxicity.1-3 It has been shown that the bactericidal activity of aminoglycosides is dependent on plasma concentrations and that higher peak concentrations are associated with improved therapeutic response in life threatening bacterial infection. ' 2 Furthermore, aminoglycosides exhibit a postantibiotic effect that correlates with the extent of peak concentration above the minimal inhibitory concentration for the infecting organism. 4 These data and results of preliminary studies concerning aminoglycoside associated nephrotoxicity and ototoxicity provide support for a once daily aminoglycoside dosing schedule. ' 5 6 Because elimination half lifes of aminoglycosides are longer in neonates than in older children and adults the daily single dose regimen might be a less toxic and more effective approach in this age group.6-0
The aims of this study were the evaluation of pharmacokinetic profiles of gentamicin in neonates in once and twice daily dosage regimens, the determination of antibacterial properties of these profiles in a dynamic in vitro model, and finally the influence of the dosing regimens on urinary excretion of alanine aminopeptidase. Alanine aminopeptidase is a brush border associated enzyme of the proximal renal tubules and acts as a marker of preclinical nephrotoxicity. l Patients and methods Twenty neonates with pneumonia (n=7), meconium aspiration (n=2), suspected bacterial infection indicated by C reactive protein concentration >8 mg/l (n=4) and premature rupture of membranes >36 hours before delivery (n=7) were studied. They were included in the study on the first to third postnatal day after obtaining informed parental consent. Patients with a gestational age <37 weeks, Apgar scores -4 (1 min) and -6 (5 min), birth weight <2500 g, serum creatinine concentrations >85 ,tmol/l, and those who required diuretics during the course of treatment as well as those who were exposed to aminoglycosides prenatally were excluded from the study.
The babies were randomly assigned to a once Urine was sampled for three hours between 6 am and 9 am using a urine collection bag on the second, fourth, and sixth day of treatment, and two days after gentamicin treatment was discontinued. Traces of sodium azide as a preservative were added to urine samples which were stored at 4°C for a maximum of 48 hours. After gel filtration (Sephadex column G25 PD10) the activity of alanine aminopeptidase was determined photometrically (405 nm) using L-alanine-p-nitroanilide as the substrate with a method described by Mondorf et C:, modified method described by Popper et al. '3 Alanine aminopeptidase activities were related to urinary creatinine concentrations and were corrected for body surface areas.
Statistical analysis was performed by Fisher's permutation test.
IN VITRO MODEL
The antibacterial activity of the mean serum gentamicin concentrations obtained with both dosing regimens was analysed in an in vitro model according to Grasso et al (fig 1) . 4 Due to the non-log linear serum concentration time curve gentamicin kinetics in the culture bottle of the in vitro model were simulated by an hourly adjustment of the pumping velocity. The exact necessary adjustment was determined empirically in provisional experiments. Gentamicin concentrations were determined by microbioassay using Bacillus subtilis ATCC 6633 as indicator strain at the time points indicated.
Growth medium in all experiments was standard I broth (E Merck). Test They ranged from 7 0 to 9 9 [tg/ml and from 4-1 to 7-7 Rg/ml in group GM I and GM II, respectively.
Both Co and Cmax were significantly higher in the once daily group whereas the trough concentrations (Cmin), which ranged from 0-5-1-2 tg/ml (mean (SD) GM I: 0-8 (0 2) jg/ml) and from 0-5-1-7 ,g/ml (GM II: 1-0 (0-4) ,tg/ml), showed no significant differences (p>0 1) between the dosage schedules. The areas under the concentration time curves (AUCO,24) were in comparable ranges in both treatment groups (mean (SD) GM I: 63-27 (10-6) ,ug/mlxh; GM II: 50 90 (8 5) [tg/mlxh; p>0 02). AUC for gentamicin concentrations >4 tg/ml ranged from 9-7 to 24-7 ig/mlxh (mean (SD) GM I: 14'5 (5-0) ,ug/mlxh) and from 1-3 to 22-8 ,ug/mlxh (GM II: 6-9 (6-0) .tg/mlxh). They were significantly higher in group GM I (p<0 01). The time periods/24 hours in which the concentrations of gentamicin exceeded 4 tg/ml were in comparable ranges in both groups ( fig 3) .
ALANINE AMINOPEPTIDASE URINARY EXCRETION
Alanine aminopeptidase excretion increased in both treatment groups in the same pattern during and even after discontinuation of gentamicin therapy ( 10'7 [tg/ml in the GM I model and to 7-2 ig/ml in the IL. GM II model. In the GM I model gentamicin 24 concentrations decreased slightly faster than calculated from the pharmacokinetic data, simulating whereas in the GM II model there was a good zeruginosa, correlation to the calculated values ( fig 6) .
4TCC
In the GM I model all strains tested responded to the high initial concentrations of gentamicin by a rapid decrease of viable cell counts (fig 4) . Significant regrowth was seen in the cultures of f weight | E faecalis, P aeruginosa, and E coli starting after eight to 10 hours. For P aeruginosa and E coli the 24 hour cfu counts remained below the value for time zero.
In the GM II model (fig 6) all strains but E faecalis were rapidly decreased in cfu counts. Significant regrowth started for L monocytogenes, S aureus, and P aeruginosa after four to six hours and the value for time zero was reached within group.bmj.com on October 14, 2017 -Published by http://adc.bmj.com/ Downloaded from 12 hours (before the second dosing). The second dose added to the culture resulted in a decrease of cfu counts for S aureus with regrowth again starting after about six hours. On L monocytogenes the second dose had a small influence only and no reduction in growth was seen for the P aeruginosa strain.
Discussion
Pharmacokinetic data of gentamicin indicate that elimination half lives are longer in neonates especially in preterm infants compared with older children.-'0 Routine drug monitoring in neonates receiving intravenous gentamicin on a twice daily dosage schedule reveals that especially in preterm infants trough concentrations often exceed the potential toxic concentrations of >2 [sg/ml which are not accompanied by raised peak serum concentrations.'5 These data lend support for the recommendation to increase the dosing interval from 12 to [18] [19] [20] [21] [22] [23] [24] hours.'9 16 17 All our patients show gentamicin serum concentrations in the therapeutic range; potentially toxic trough and peak (>12 ,tg/ml) concentrations" are not recorded under steady state conditions in this study. Determinants which might alter gentamicin elimination such as asphyxia, impaired renal function, and concomitant diuretic treatment are excluded.'0 19 Recent studies have shown that therapeutic efficacy of aminoglycosides depends on peak concentrations and the AUC above the minimal inhibitory concentration of the infecting organism rather than duration of time serum concentrations exceed the minimal inhibitory concentration.' 2 The results obtained with the in vitro model of Grasso et al strongly underline that high peak concentrations of gentamicin are the main determinant for antibacterial activity. 14 Most clearly this can be seen with the E faecalis strain, which is strongly reduced in the GM I model and uninfluenced in the GM II model. In both treatment groups the duration of time for gentamicin concentrations >4 jig/ml and the total AUC are in comparable ranges whereas the AUC above the level of 4 ,tg/ml is significantly higher in the once daily dosing group.
Although a postantibiotic effect is demonstrated for aminoglycosides, a reduction of dosing frequency might bear the risk of bacterial regrowth, especially if the dosing interval is longer than the duration of time of serum concentrations above the minimal inhibitory concentration plus the postantibiotic effect. This risk factor can obviously be balanced by the observation that the postantibiotic effect of gentamicin and its duration correlates with peak concentrations in serum and AUC above the minimal inhibitory concentration of the infecting organism and the fact that the elimination half life of gentamicin is longer in neonates than in older children. 4 The mechanism of drug induced renal toxicity is the same for all aminoglycosides. After glomerular filtration a small fraction of aminoglycosides is reabsorbed in the proximal renal tubular cells by endocytosis. 2 After continuous infusion of gentamicin significantly lower creatinine clearance and excretion of P2-microglobulin are found in neonates than after a twice daily dose regimen. 25 The excretion of alanine aminopeptidase a brush border associated enzyme of the proximal renal tubules into the urine is a sensitive parameter of preclinical gentamicin nephrotoxicity.'5 11 26 Gentamicin induced enzymuria is lower in neonates than in adults; this is in accordance with clinical studies that renal toxicity is less frequent in newborns.7 27 The latter can be explained by a lower rate of renal gentamicin accumulation in the neonate.7 The patterns of alanine aminopeptidase excretion are similar in both treatment groups; this is in contrast to a study in healthy volunteers where more pronounced enzymuria was recorded on a twice daily dosage regimen.5
Contrary to nephrotoxicity the mechanism of ototoxicity of aminoglycosides remains to be determined. Several risk factors such as duration of treatment, total dose, the AUC, and impaired renal function are identified.
Another study reported that patients with auditory toxicity who underwent treatment for a longer period were more likely to be bacteraemic and had, on average, a higher temperature.28 Experimental studies give some evidence that less frequent dosage regimens cause less ototoxicity.' Summarising the recent data on aminoglycoside toxicity there is some evidence that raised trough rather than peak serum concentrations are the main determinant of both nephrotoxicity and ototoxicity.
In conclusion, the results of this study indicate that the once daily dosage regimen of gentamicin in term infants guarantees peak serum concentrations above the minimal inhibitory concentration of bacteria, which are relevant in the neonatal period, and trough concentrations below the potentially toxic concentration of 2 ,ug/ml. From the results of the dynamic in vitro model it can be concluded that the single daily dose administration is superior to the twice a day regimen. As alanine aminopeptidase release from the proximal tubular cells into the urine as a sensitive marker of preclinical renal toxicity is similar in both dosing schedules, an increased risk for nephrotoxicity is unlikely to occur on a once daily regimen. Whether this approach of larger less frequent doses provides similar advantages in
